Physiological changes were examined in the amount of a 50-kDa glycoprotein (gp50) that was recovered in a nuclear fraction from hypocotyls of mung bean (Vigna radiata) seedlings. Immunoblot analysis indicated that the glycoprotein was present in hypocotyls and epicotyls from 4-and 5-day-old seedlings but not in hypocotyls from 2-day-old seedlings. The glycoprotein was not detected in leaves or roots. When we divided hypocotyls of 3-day-old seedlings into the elongating region (0 to 1.5 cm below the cotyledon) and the mature region, we found gp50 in the mature region only. The results suggest that the 50-kDa glycoprotein is synthesized de novo and accumulates at the late stage during elongation of cells in the hypocotyl. Furthermore, an antibody specific to gp50 reacted with a major 50-kDa protein in cotyledons, which is known as a storage protein in mung bean cotyledon. Eighteen amino acid residues among 22 amino-terminal residues of gp50 were identical to those of the storage protein from cotyledon. A peptide map of the glycoprotein after digestion with V8 protease was similar to that of the storage protein. Overall, our findings suggest that the glycoprotein recovered in the nuclear fraction is an isoform of the seed storage protein that is expressed only in the mature cells of hypocotyls and epicotyls.
ing vegetative tissues (for review, see Staswick 1994) . In soybean, two vegetative storage proteins, VSP-a (28 kDa) and VSP-/? (31 kDa), are synthesized and accumulate specifically in the meristematic regions of seedling stems and in developing leaves (Mason et al. 1988, Mason and Mullet 1990) . These glycoproteins have low acid phosphatase activity . Both VSPs are different from the reserve proteins of soybean seeds. They are not synthesized in any part of the seed except the plumule. In the case of sweet potato, a storage protein known as sporamin accumulates specifically in the tuberous root under normal physiological conditions (Maeshima 1985) . The gene for sporamin is expressed in vegetative tissues, such as stems and petioles, when plantlets of sweet potato are incubated in a solution of sucrose (Hattori et al. 1990, Matsuoka and Nakamura 1991) . Sweet potato sporamin and soybean VSPs are localized mainly in the vacuoles (Franceschi and Giaquinta 1983, Matsuoka and Nakamura 1991) . The expression of the genes for these proteins is regulated by sugars, phosphate, and plant hormones , Ohto et al. 1995 , Sadka et al. 1994 . These storage proteins in the growing vegetative tissues are thought to provide a transient pool of amino acids.
We demonstrated previously that there are two abundant glycoproteins, of 50 and 49 kDa, respectively, in the nuclear fraction from hypocotyls of 4-day-old mung bean seedlings (Odaira and Maeshima 1994) . The glycoproteins, with //-linked, high-mannose-type oligosaccharide(s), were released from the nuclear matrix fraction by treatment with high concentrations of KC1 (Odaira et al. 1995) . Both glycoproteins have similar properties, such as similar immunoreactivity and similar affinity for certain lectins. They could be isoforms of a single glycoprotein and we shall refer to abbreviate the two glycoproteins collectively as gp50 in this report.
In the present study, we found that gp50 is similar to a storage protein of mung bean cotyledons with respect to partial amino acid sequence, immunological reactivity and sugar chains. We investigated physiological changes in the amount of gp50 during elongation of hypocotyls of mung bean seedlings. We found that gp50 was absent from the young cells of hypocotyls which are growing actively and that the level of gp50 increased markedly after elongation of hypocotyls. In this respect, gp50 differs from VSPs, which were reported to accumulate in the growing cells of 290 seedling stems (Mason and Mullet 1990) . The gp50s might be useful as a good indicator of the maturation of cells in mung bean hypocotyls. The glycoprotein gp50 seems to be a new type of vegetative storage protein. We compared the biochemical properties of gp50 with those of other storage proteins in the vegetative tissue, and we discuss the possible physiological role of gp50 in mung bean hypocotyls.
Materials and Methods
Plant materials-Seeds of mung bean {Vigna radiata cv. Wilczek), harvested in 1994, were soaked in tap water and allowed to germinate in the darkness at 26° C. Hypocotyls and cotyledons were carefully removed from seedlings and used for the preparation of nuclear and total protein fractions. Hypocotyls of 2-and 3-day-old seedlings were divided into two regions: the stem hook portion (elongating region, 0-1.5 cm below the cotyledon) and the remainder (mature region). The epicotyl, the portion of stem above the cotyledon, were also harvested from 5-day-old seedlings and used for the preparation of nuclei.
Isolation of nuclei and purification ofgp50-Nuclei were isolated from hypocotyls of mung bean seedlings and a glycoprotein of 50 kDa was purified from the nuclear fraction as described previously Maeshima 1994, Odaira et al. 1995) .
Preparation of antibodies-The 50-kDa glycoprotein was thoroughly purified by SDS-PAGE and electrophoretic elution. Polyclonal antibodies against the glycoprotein were raised in a rabbit by injection of the purified protein, as described previously (Odaira et al. 1995) . The immunoglobulin G fraction was prepared from the antiserum and used for immunoblot analysis.
Extraction of proteins from hypocotyls and cotyledons with SDS-Ten hypocotyls and ten pairs of cotyledons from mung bean seedlings were homogenized with a mortar and pestle in 10 ml of grinding medium, which contained 1% (w/v) SDS, 1% (w/v) ^-mercaptoethanol and 100 mM Tris-HCl (pH7.5). Each homogenate was filtered through two layers of Miracloth (Calbiochem, La Jolla, CA, U.S.A.) and centrifuged at 10,000xg for 10 min. The supernatant fractions were centrifuged at 100,000 x g for 30 min, and the resultant final supernatants were subjected to SDS-PAGE as the total protein fractions.
PAGE and immunoblot analysis-SDS-PAGE on 12% polyacrylamide gels was performed by the method of Laemmli (1970) . Protein samples were heated at 70°C for 10 min in 2% SDS, 2% -mercaptoethanol, 20% glycerol and 20 mM Tris-HCl, pH 6.8, prior to electrophoresis. Two-dimensional PAGE was carried out by the method of O'Farrell (1975) . Protein samples were treated with 0.2% SDS, 2% (w/v) Triton X-100, 8.0 M urea and 2% Pharmalyte (Pharmacia, Uppsala, Sweden). Electrotransfer of proteins from polyacrylamide gels to PVDF membranes (Millipore, Bedford, MA, U.S.A.) and immunoblotting were performed as described previously (Odaira et al. 1995) .
Affinity blotting with Concanavalin A-Affinity blotting with ConA was performed as described previously (Odaira and Maeshima 1994) . The blot was treated with 3% (w/v) bovine serum albumin that had been dissolved in 10 mM Tris-HCl, pH 7.5, and 140 mM NaCl, at 25°C for 1 h, and then it was incubated in the same buffer plus 0.05 mM CaCl 2 , 0.05 mM MnCl 2> 0.02% Triton X-100 and peroxidase-labeled ConA (1 : 100 dilution; Wako Pure Chemical, Osaka, Japan) at 4°C for 90 min. ConA-binding proteins on PVDF membranes were visualized by treatment of the membranes with 4-chloro-l-naphthol.
Treatment of glycoproteins with protease-About 200 fig of   gp50 and of the 50-kDa storage protein purified from mung bean cotyledons were incubated with V8 protease (endoproteinase Glu-C; Boehringer Mannheim, Mannheim, F.R.G.) at 36°C for 6 h. The polypeptide fragments obtained by proteolytic treatment were subjected to SDS-PAGE and immunoblot analysis with the antibodies against gp50. Profiles of polypeptides were compared between gp50 and the 50-kDa storage protein from cotyledons. Analytical measurements-The purified preparations of gp50 from hypocotyls and the 50-kDa storage protein from cotyledons were subjected to electrophoresis on a polyacrylamide gel, and then the proteins on the gel were transferred to a PVDF membrane. The regions of the PVDF membrane that contained gp50 and the 50-kDa storage protein were used for analysis of the ammo-terminal amino acid sequence with an automatic protein sequencer (PPSQ-10; Shimazu, Kyoto, Japan). Protein was quantitated by the method of Bradford (1976) with a protein assay kit (Bio-Rad, Hercules, CA, U.S.A.) and immunoglobulin as the standard. DNA was quantitated with H33258 by the method of Labarca and Paigen (1980) .
Results
Increases in the level ofgpSO in hypocotyls during germination of seeds-To examine the level of gp50 in hypocotyls during germination, we prepared nuclear fractions from hypocotyls of 2-to 5-day-old seedlings and subjected them to immunoblot analysis with the polyclonal antibodies raised against gp50. As shown in Figure 1 , little gp50 was evident in the nuclear fraction from 2-day-old hypocotyls. The amount of gp50, on the basis of the amount of DNA, increased with the growth of the hypocotyl. In 4-and 5-day-old hypocotyls, gp50 was the major protein of the nuclear fraction (Fig. 1, lanes 3 and 4) .
The hypocotyl of mung bean seedlings grows extensively from the second day to the third day after germination at 26°C (Maeshima 1990) . Elongation of cells in hypocotyls occurs primarily in the region of the stem hook under the cotyledon. No enlargement of cells is seen in the mature region below the stem hook. In this study, hypocotyls of 2-and 3-day-old seedlings were divided into two parts, namely the elongating and mature regions (Fig. 2) . Then the levels of gp50 in the corresponding nuclear fractions were determined by immunoblot analysis with antibodies against gp50. As shown in Figure 3 , gp50 was not detected in elongating or mature regions of 2-day-old hypocotyls (lanes 1 and 2). Only a small amount of gp50 was detected in the mature region of 3-day-old hypocotyls, and none was found in the elongating region (lanes 3 and 4). These results suggest that gp50 accumulates in mature cells but not in growing cells of mung bean hypocotyls.
Three days after germination, the rate of growth of hypocotyls decreased and epicotyls started to grow (Fig. 2) . We determined if gp50 was present in the epicotyls during their growth period. As shown in Figure 3 (lanes 5 and 7), not only hypocotyls but also epicotyls of 4-and 5-day-old seedlings contained a relatively large amount of gp50. We failed to detect gp50 in the nuclear fractions of roots of 4-day-old seedlings and in leaves of 10-day-old plants (data not shown). Thus, gp50 seemed to be a stem-specific glycoprotein in mung bean.
Similarity ofgp50 to a major storage protein in cotyledons-When we were investigating the distribution of gp50 among tissues, we found that the antibodies against gp50 reacted with a seed protein of about 50 kDa in cotyledons (Fig. 4) ence in apparent molecular size during SDS-PAGE between gp50 and csp50 (Fig. 4) . This protein reacted with ConA (data not shown) but not with other lectins, such as wheat germ agglutinin. This result suggests there are similarities between the oligosaccharide moieties of gp50 and csp50. To examine the similarity between gp50 and csp50, purified preparations of both proteins were treated with a pro- Amino acid sequence of the amino-terminal region of gp50 and a comparison with those of seed proteins. The first 23 amino acid residues of the amino-terminal region of gp50, purified from hypocotyls, were compared with those of csp50 (second line), a seed storage protein of Phaseolus vulgaris (phaseolin; Kami and Gepts 1994) , and the major subunit of the vicilin 7S seed protein of field bean seed (Bassiiner et al. 1987) . Phaseolin and vicilin contain extra, cleavable peptides in the amino-terminal region. Phenylalanine and Serine are the amino-terminal amino acids of the mature polypeptides of phaseolin (third line) and vicilin (fourth line), respectively. Boxes indicate identical residues. tease from Staphylococcus aureus V8 (endoproteinase Glu-C), and then the polypeptide fragments derived from them were compared by immunoblotting with the antibodies that recognize gp50 (Fig. 5) . Polypeptides with molecular masses of around 30 kDa were detected in both digests (bands a to d in Fig. 5 ), although differences among peptides of less than 14 kDa were evident. The results suggest some similarities exist among the amino acid sequences of gp50 and csp50.
Asp
Amino-terminal amino acid sequences of gp50 and cspSO-The first 23 amino-terminal amino acid residues of purified gp50 and the first 22 residues of purified csp50 were determined. As shown in Figure 6 , the amino acids at 18 positions in gp50 were homologous with those in csp50. The results suggest that gp50 and csp50 belong to the same family of proteins. It should be noted, however, that gp50 and csp50 were not identical protein molecules.
Furthermore, a part of the amino-terminal sequence of gp50 was homologous to that of phaseolin, a storage protein in seeds of Phaseolus vulgaris (Kami and Gepts 1994) , and to that of a major subunit of a vicilin 7S seed storage protein in seeds of Vicia faba (Bassiiner et al. 1987) . The sequence from the 13th to the 21st residues of mature phaseolin was identical to the homologous region of gp50. The mature vicilin polypeptide from field bean seed was also homologous to gp50. Both vicilin and phaseolin are 7S globulins in seeds of legumes.
Levels of gpSO in hypocotyls- Figure 7 shows the results of SDS-PAGE and immunoblotting of total protein fractions of cotyledons and hypocotyls. The proteins in the two tissues were extracted with \% SDS from the same number of seedlings. The relative amount of csp50 per pair of cotyledons decreased dramatically after germination. The level of gp50 in the 4-day-old hypocotyl was low compared with that of csp50 in germinated cotyledon (for example, 1-day-old cotyledon). gp50 accounted for only a few percent of the protein in an SDS extract of 4-day-old hypocotyls. Thus, gp50 was not a major protein in the SDS extract of hypocotyls.
Discussion
As described in a previous paper, gp50 was found as a glycoprotein in a nuclear fraction prepared from mung bean hypocotyls Maeshima 1994, Odaira et al. 1995) . The glycoprotein contained TV-linked, high-mannose-type oligosaccharides. The isoelectric point of gp50 is about 5.8 (data not shown). The results of this study show that gp50 was not constitutively expressed in hypocotyl cells. The glycoprotein was absent from hypocotyls and roots for the first 2 days after germination. Then it accumulated in the hypocotyl, but it was not detected in the growing zone of the hypocotyls (Fig. 1, 3) . In other words, gp50 accumulated in the mature cells but not in the elongating cells of hypocotyls. It appeared that gp50 was synthesized de novo in hypocotyls at the late stage of cell elongation. Since, there was little gp50 in the total protein fraction that had been extracted from 2-day-old hypocotyls with SDS.
We found that gp50 from hypocotyls had properties similar to those of the cotyledon storage protein, csp50. There are as follows, (i) Both gp50 and csp50 were 50-kDa glycoproteins with oligosaccharide chains that were recognized by ConA. (ii) The antibody against gp50 reacted strongly with csp50 (Fig. 4) . (iii) The profile of polypeptide fragments of gp50 generated by treatment with V8 protease was similar to that of csp50 (Fig. 5) . (iv) About 80% of the amino acid residues in the amino-terminal region of gp50 were consistent with those of csp50 (Fig. 6) . These results suggest that gp50 in hypocotyls might be an isoform of the seed storage protein in mung bean cotyledons. The sequence similarity between gp50 and other seed proteins, such as phaseolin and vicilin, supports the hypothesis that gp50 is related to the seed storage proteins of legumes.
Seeds of legumes, including mung bean, contain three major classes of storage proteins: legumins (1 IS globulin); vicilins (7S globulin); and lectins (carbohydrate-binding proteins) (Vitale and Bollini 1995) . In general, vicilin is composed of major subunits of 47 to 50 kDa and minor subunits. A major storage protein of Phaseolus aureus, a species related to mung bean (Vigna radiatd), is vicilin, which is composed of glycoproteins of 63.5, 50, 29.5 and 24 kDa (Ericson and Chrispeels 1973) . The 50-kDa glycoprotein is the major component of vicilin of Phaseolus. Our observations suggest that gp50 of mung bean hypocotyls is related to the major subunit of mung bean vicilin. It must be noted that, under normal conditions, vegetative tissues, such as the hypocotyl and epicotyl, synthesize and accumulate a protein that is related to seed storage protein.
There is a few reports concerning the expression and accumulation of seed storage proteins in vegetative tissues. Higgins et al. (1986) reported the accumulation of a pea seed albumin of 6 kDa in the embryonic axes of mature seeds. The 6-kDa protein in axes was broken down during germination. Also, Ladin et al. (1987) demonstrated that a-and -subunits of conglycinin were synthesized in embryonic axes of soybean during seed development. Conglycinin is the 7S seed protein of soybean. The /?-conglycinin in axes was completely degraded within one day of imbibition (Ladin et al. 1987) . Therefore, developmental and spatial regulation of gp50 in mung bean hypocotyl is different from those of the 6-kDa seed albumin in pea and the subunits of conglycinin in soybean.
Although the protein of gp50 was similar to the cotyledon storage protein, it is unlikely that gp50 is secreted from cotyledons, transported through the vascular tissue and then incorporated again into cells of the hypocotyl. The gp50 is absent in hypocotyl at early stage of germination (Fig. 3) . If gp50 were transported from cotyledons to hypocotyls, gp50 should be detectable in the elongating region attached to the cotyledon. The present results suggest the synthesis of gp50 de novo in the mature cells of the hypocotyl. Indeed, in our preliminary experiments of in vitro translation of mRNA from 3.5-day-old hypocotyls of mung bean, we could detected a protein band of 50-kDa on the polyacrylamide gel after immunoprecipitation with antibodies against gp50 (Suzuki, Odaira and Maeshima, unpublished data).
Several kinds of storage protein accumulate in vegetative tissues, such as soybean vegetative storage protein (VSP; Staswick 1994), a lectin of soybean vegetative tissues (Spilatro et al. 1996) and storage proteins of sweet potato (sporamin; Maeshima et al. 1985) . These proteins are localized in vacuoles (Franceschi and Giaquinta 1983 , Spilatro et al. 1996 , Matsuoka and Nakamura 1991 . The physiological function of VSP is thought to be the temporary storage of amino acids at an early phase of cell development Mullet 1990, Mason et al. 1992) . It was reported that two vegetative storage proteins of soybean, VSP-a and VSP-/?, are abundant in the meristematic regions of seedling stems and in developing leaves but are barely detectable in mature stems, leaves, and roots (Mason and Mullet 1990) . Our present observations suggest that the developmental pattern of accumulation of gp50 is completely different from that of VSPs, even in the same stem tissue. Some other properties of gp50 indicate that VSPs and gp50 are different from each other. The molecular masses of VSPs (28 kDa and 31 kDa) are smaller than that of gp50. VSPs form homo-and heterodimers , while gp50 exists as a large complex with other different polypeptides (Odaira et al. 1995 ). VSPs accumulate to a level of 45% of the total soluble protein in leaves of depodded plants (Wittenbach 1983) , while, the amount of gp50 is less than a few percent of the total amount of protein in hypocotyls. The expression of VSPs is stimulated by sugars, but no induction of gp50 occurred upon exposure of seedlings to sucrose (data not shown).
Orthophosphate stimulated the accumulation of gp50 in mung bean hypocotyls in our preliminary experiments. By contrast, phosphate inhibits the induction of expression of genes for VSPs by sucrose (Sadka 1994 ).
In conclusion, the seed-protein-like glycoprotein gp50 is newly synthesized in hypocotyls as they mature. We expect that gp50 might be a useful indicator of maturation of cells in mung bean hypocotyls. The physiological function of gp50 is unclear. It is possible that gp50 is synthesized as a reserve protein in fully mature cells. In the growing cells in hypocotyls, amino acids transported from the storage tissue of the cotyledon might be used for the active synthesis of proteins. Alternatively, the mature cells might retain a surplus of amino acids as a storage protein. The gp50 might serve as a reserve protein in vegetative tissue. Although at present we cannot explain why such a reserve protein is accumulated in nuclei. The gp50 might be synthesized and glycosylated in the endoplasmic reticulum, as described previously (Odaira et al. 1995) . In general, seed storage proteins contain a cleavable signal peptide. The complete amino acid sequence of gp50 with an extra peptide, if any, must be determined if we are to understand the differences in structure and localization of gp50 and csp50. We are trying to determine the detailed location of gp50 in cells of hypocotyls by an immunocytochemical methods.
